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INTRODUCTION

Vapor extraction is a process used to remove volatile organics
from contaminated soils. The process works by withdrawing
volatile contaminants from soil, in-situ. A subsurface vacuum is
propagated from extraction wells or an extraction trench which
causes vapors to migrate to the extraction wells or trench. The
vapors are brought from the wells or trench to the surface where
they are vented and destroyed by on-site catalytic incineration
(except during the pilot test).

Terra Vac, Inc. is currently conducting a soil vapor extraction
pilot test at the Envirochem site (ECC) , near Zionsville, IN.
Data from the pilot test is to be used to determine the
feasibility and the cost of a full-scale vapor extraction system
at the site.

INSTALLATION OF THE PILOT TEST VAPOR EXTRACTION SYSTEM

Mobilization of Terra Vac, Inc. to the site began on May 31,
1988. The installation operations of a vapor extraction pilot
test system started on June 7. Two 40-foot trenches (HEW 1 and
HEW 2, See Figure 1-1) were excavated to a depth of 9 feet. At
this depth, a small amount of water (<2 gals) was encountered in
the east trench (HEW-1). A dark brown separate phase was noted
on the water's surface in de minimus quantity (photograph will be
forwarded).

Both trenches were backfilled with pea gravel to the 8-foot
level. A four-inch PVC screen was installed along the entire
length of each trench. A four-inch PVC riser pipe was connected
at each end of the screen and extended above the top of the
trench. The trenches were then backfilled with pea gravel to the
5-foot level. A second layer of PVC screen was placed at the 5-
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foot depth. The trenches were then backfilled with pea gravel to
the 3-foot level. A six-inch layer of wetted-powdered bentonite
seal was placed followed by grout to grade level.

The lower pipe (at the 8-foot depth) was installed to collect any
ground water that collected in the trench. This lower pipe was
not connected to the vapor extraction system. Although no ground
water has accumulated since installation (due to drought
conditions) we intend to attempt to collect representative
samples of ground water for characterization with respect to
ultimate discharge to the City of Indianapolis.

The upper pipe is used in the vapor extraction system process.
The riser pipe is connected to a pipe at the surface. This pipe
leads to the water extraction system, then to the pump where the
vapors are vented. Emission controls were not used during the
pilot test due to the low emission levels in the vented soil
vapors as determined by ambient monitoring.1

1 Since starting up, the system has been continually
monitored by Terra Vac, Inc. using an on-site gas chromatograph.
Vapor samples are collected at several points within the flowline
and at the exhaust stack. Vapor samples were analyzed
approximately every two hours during startup. The sampling
frequency was reduced later in the test to approximately
once/day. Data from the piezometers were also obtained for use
in calculating the zone of influence.

During the system's operation, the site ambient air was monitored
by ERM using a Photovac tip. The monitoring points (AM 1-1
through AM 2-9) enclosed the pilot test area as shown in Figure
1-2. Initially, the points were monitored on an hourly basis.
Values up to 2.5 ppm above background were noted along the outer
circumference. The concentrations measured along the outer
circumference were well below the 5 ppm action level confirming
that no potential health hazards to neighboring residents existed
during the pilot test.
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Ten piezometer wells were installed to monitor the system (Figure
1-1) . Four of the piezometers (VM-1 to VM-4) were drilled and
installed by Engineering and Testing Services, Inc. (ETS) of
Indianapolis. ETS also drilled and installed a vertical
extraction well (VE-1) which Terra Vac, Inc. intends to use to
compare the efficiency of vertical to horizontal collection. The
additional six piezometers (KVM-5 to KVM-10) were drilled and
installed by Terra Vac, Inc. utilizing a hand drill.

Soil samples were collected during all phases of the trenching
and drilling operations. A headspace analysis was performed on
each soil sample utilizing an on-site gas chromatograph.
Headspace concentrations ranged from 100 - 400 ppm. The main
compounds identified included: DCA, DCE, TCE, toluene, PCE, and
xylene. During the trenching and drilling operations, the work
area was constantly monitored for ambient organic vapors by ERM-
North Central personnel, utilizing a Photovac tip. Values
obtained did not exceed the 5.0 ppm action level negotiated with
IDEM for personnel safety protection upgrading.

PILOT TEST OPERATION

Development of the vapor extraction system started on June 13,
1988. The system has since operated continuously, except during
brief shut-down periods for maintenance.

PERFORMANCE ANALYSIS

Based on data provided by Mike Disabato of Terra Vac on June 24,
1988, (a copy of which is attached as Appendix A) ERM-North
Central has calculated the performance score of the vapor
extraction technology using the results of the pilot test being
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conducted at ECC. The calculations presented below follow the
procedure described in our technical memorandum "Site Specific
Evaluation of Vapor Extraction Application"2 and are based upon
data collected through June 17, 1988.

Horizontal Extraction Well No. 2

Trench dimensions: 40 ft long x 1 foot wide x 9 feet
deep.

Soil total VOCs concentration: range from 100 to 400
ppm.

Zone of influence: 15 feet (30 feet wide).

Extraction rate at time of development: 57 pounds per
day.

Utilizing the above information, the soil mass affected by the
vapor extraction pilot test is approximately 40 ft x 30 ft x 9
ft, which equals 400 cubic yards. Assuming 1.5 tons per cubic
yard, this equates to 1.2 x 106 pounds of soil. Based on the RI
data, 400 ppm was conservatively assumed as the initial VOCs
concentration for the entire soil mass. This is equivalent to
480 pounds of VOCs in the affected soil mass. Therefore, with an
extraction rate of 57 pounds per day when the trench was
developed, the initial contaminant mass extraction rate is 11.9
percent per day.

The vapor extraction technology performance is rated as follows,
utilizing Table 2 in the previously referenced "Site Specific
Evaluation of Vapor Extraction":

2 Letter from ERM to Karen Vendl, USEPA, April 27, 1988
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The zone of influence (weighting factor of 3)
receives a score of 60, since the materials
excavated are predominantly clays and the
zone of influence is 15 feet.

The initial contaminant mass extraction rate
(weighting factor of 2) receives a score of
80, since the removal is greater than 5
percent of the total concentration within the
mass contained in the zone of influence.

Finally, to be conservative, it is assumed
that emission controls (weighting factor of
1) will be required during initial
remediation, resulting in a score of 60.

These scores are then multiplied by their weighting factors,
added, and divided by 6 to calculate an average performance score
of 66.67 for Horizontal Extraction Well No. 2. If no emission
controls are required during full-scale operation, the resultant
performance score would be 70.

Horizontal Extraction Well No. 1

Similar calculations were carried out for Horizontal Extraction
Well No. 1 for the same time period. The pertinent data are
shown below:

Trench dimensions: 40 ft long x 1 ft wide x 9 ft deep.

Soil total VOCs concentration: ranged from 10 to 20
ppm.

Zone of Influence: 15 feet (30 feet wide).
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Extraction rate at the time of development: 15 pounds
per day.

Calculated similarly to Horizontal Extraction Well No. 2, 200 ppm
was conservatively assumed for this area as the average
concentration (based on the RI data). The initial VOC mass
within the affected soil is 200 pounds, and the initial
contaminant mass extraction rate equals six percent. Therefore,
utilizing Table 2 to score the performance of Horizontal
Extraction Well No. 1, the zone of influence receives a score of
60, the initial contaminant mass extraction rate receives a score
of 80, and the emission controls receive a score of 60 with
controls during initial remediation and a score of 80 with no
controls. The resultant performance scores are 66.67 and 70,
with and without controls, respectively.

Referring to Figure l of the previously referenced "Site Specific
Evaluation for Vapor Extraction Application," a score of 60 or
greater is necessary to implement vapor extraction and to proceed
with the preliminary design and engineering. Based on the
initial results from the pilot test, the performance of the
system exceeds the criteria for a recommendation to the design
phase.

VAPOR EXTRACTION PILOT TEST EXTENSION

The pilot test has been extended for an additional 4 weeks,
starting July 1, 1988. The pilot test was extended to better
define the expected duration of operation of a full-scale soil
vapor extraction system and the associated cost.
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Samples will be collected by ETS 3 times/wk during the extended
test period (a total of 12 additional samples) and sent to Terra
Vac for GC analysis. ETS will continue to perform ambient site
monitoring during sampling. ERM will visit the site once each
week to confirm that the sampling and maintenance duties are
being performed by ETS. ERM will also confirm that the vapor
emissions remain below the action level. The on-site trailer
will remain for the extended test.

SUMMARY

vapor extraction pilot test has been conducted by Terra Vac at
the ECC site. Based on data received and the criteria previously
set, the vapor extraction system is successful in achieving the
Necessary reduction in VOC concentrations at the ECC site. The
pilot test has been extended for an additional four week period.
The benefits of the longer test and the associated expanded data
base include:

improved prediction of the zone of influence

enhanced prediction of the steady-state rate
of vapor extraction and soil treatment

improved design criteria and confidence level
for size, duration and cost of operation.
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T A B L E 1
VAPOR EXTRACTION F E A S I B I L I T Y A N A L Y S I S TABLE

Parameter

Rating

Contaminant Henry's
Law Constant
(atm-m3/mol)

tuf-31

So i l
P e r m e a b i I i t y
(cm3/cmz/sec)

(wf-Z)

Ground Water
Interference

Good
(Score 80)

Fair
(Score 60)

Poor
(Score 30)

90X of total
Kh > 10"* Sands K>10"3 contaminant mass

in unsaturated
zone

Nixed soils >10X in saturated
10'7< Kh <10'4 10'6<K<10'3 zone, feasible

dewatering

> 1 OX in saturated
K h<10-7 Clays K<10'6 zone, d i f f i c u l t

dewa t er i ng

uf • Wei ght i ng F a c t o r

E q u a t i o n 1. Score = ST * ,'", SjWj/"'Vi

where: S T • t o t a l score
S) « score for p a r a m e t e r i
W : * w e i g h t i n g f a c t o r f o r p a r a m e t e r



TABLE 2

VAPOR EXTRACTION PERFORHANCE A N A L Y S I S TABLE

R a t i n g
Zone of Influence

(wf-3)______

Parameter

I n i t i a l Contaminant
Mass E x t r a c t i o n Rate

E n n i c s i on
Controls R e q u i r e d
____(ttf »1 )_____

Good
(Score 80)

Sands

>50 ft.

C l a y s

>20 ft. >5X t o t a l mass on s i t e / d a y None

F a i r
(Score 60) 20<ZOI<50 10<ZOI<20 1X/day<ER<5X/day

D u r i n g I n i t i a l
R e n e d i a t < on

Poor
(Score 30) <25 ft. <10 ft. <1X/day C o n t i n u o u s l y D u r i n g

Reined i a t i on

uf * W e i g h t i n g F a c t o r
ZOI • Zone of I n f l u e n c e
ER " E x t r a c t i o n R a t e
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APPENDIX B

SITE SPECIFIC EVALUATION OF VAPOR EXTRACTION



SITE SPECIFIC EVALUATION OF
VAPOR EXTRACTION APPLICATION

INTRODUCTION

Vapor extraction is a process used to remove volatile pollutants
from contaminated soils (1,2,3,4). The process works by
withdrawing volatile contaminants from soil, in situ. A
subsurface vacuum is propagated from extraction wells which
causes vapors to migrate to the extraction wells. The vapors are
brought from the wells to the surface where they are collected
and treated.

The effectiveness of the vapor extraction process is influenced
by the contaminant volatility, the soil stratigraphy and the
location of the ground water table. The implementation of vapor
extraction therefore requires site specific evaluation. This
report describes a procedure to evaluate the application of vapor
extraction technology for a particular site.

SUMMARY OF METHODOLOGY

A site investigation must be performed to determine the type,
extent and severity of contamination. A CERCLA remedial
investigation is generally sufficient for this purpose. Certain
data collected from the site are scored and weighted to determine
the feasibility of vapor extraction for the given site. Based on
the calculated feasibility score, a decision is made either to
reject vapor extraction for the site, to reevaluate alternative
technologies, or to conduct a vapor extraction pilot test.

If site conditions (as defined by the feasibility score) are
favorable, pilot tests are performed. Performance data from the



pilot test are then evaluated through a scoring and weighting
procedure analogous to the feasibility scoring procedure. A
decision is made either to reject the vapor extraction process as
unsuitable for the site conditions, to reevaluate alternative
technologies, or to affirm that the vapor extraction process can
be applied to the site. The methodology is graphically depicted
in Figure 1.

SITE SPECIFIC DATA REQUIREMENTS

Site remedial investigation activities provide the data needed to
support decisions made in feasibility studies. Vapor extraction
is dependent upon the ability of contaminants to volatilize and
move through the soils to a collection system. A site
characterization study must therefore define the types and extent
of contamination on a site and the soil matrix in which the
contaminants are found. Specifically, the site investigation
must define the contaminants, their distribution and the soil
classification on a site.

The site characterization study must also define le percent of
total contamination in the unsaturated zone. If a significant
portion of the total contaminant mass is contained in the
saturated zone, the feasibility of dewatering must also be
defined. Superfund site remedial investigation/feasibility
studies typically provide the site characteristic data described
above.

FEASIBILITY ANALYSIS

Assuming that the required data are available, a feasibility
analysis is performed to determine if the vapor extraction
process should be considered for a site. Initially the most



important concern is the volatility of the contaminants (2,5).
The volatility of the compounds will determine their transport
from the liquid phase as attached to soil particles to the vapor
phase in the soil gas.

Volatility

For evaluation purposes, volatility is indicated by Henry's Law
constants. The use of adsorption isotherms to account for the
soil/liquid interaction is desirable but adsorption coefficients
are generally unavilable for most compounds and soil types (6) .
Contaminants with Henry's Law constants greater than 10~4 (atm-
m3/mol) are considered amenable to removal by vapor extraction.
Compounds with Henry's Law constants less than 10~7 should be
considered essentially nonvolatile (7) and are poor candidates
for evaporative technologies. Compounds with Henry's Law
constants in the range of 10~4 to 10~7 are considered fair
candidates for vapor extraction.

S trat igraphy

The second factor of concern is the transport of vapor from the
soil to the collection system. This transport is dependent on
the vacuum developed on the site (which is a process operation
parameter) and the characteristics of the soil. The movement of
gasses in porous media is described by Darcy's Law (6). The
coefficient of permeability used in Darcy's law t 'escribe the
transport of ground water through soil roa-_ used to
characterize the flow of other fluids through soil such as air or
vapor. Soil permeability may be estimated based on a
classification of the representative materials in the soil.
Sandy soils which generally have a coefficient of permeability
greater than 10~3 (cm3/cm2/sec)(8) are good candidates for the
use of the vapor extraction process. Mixed soils with
coefficients of permeability between 10~3 and 10~6 are considered



fair candidates for the application of this technology. Soils
with coefficients of permeability less than 10~6 are considered
poor candidates for the application of this technology.

Ground Water

The presence of ground water will inhibit the transport of
volatile pollutants from the saturated soil matrix to the soil
gas above. If 90% of the total mass of pollutants are in the
unsaturated zone of the soil, this site is considered a good
candidate for the application of vapor extraction. If a
significant mass of pollutants is in the saturated zone,
dewatering may be used to remove the ground water and enhance the
transport of pollutants from the soil matrix. The practicality
of dewatering a site is dependent on the depth, soil material,
dewatering area, ground water recharge, and discharge
requirements for the ground water. Hydrogeologi and ground
water quality data must be available to evaluate t a ability to
dewater a site. If greater than 10% of the total mass of
pollutants on-site is in the saturated zone and dewatering is
feasible, a site is considered to be a fair candidate for vapor
extraction. If greater than 10% of the total mass of pollutants
is below the saturated zone and the site is difficult to dewater,
then the site is considered to be a poor candidate for vapor
extraction.

Initial Screening Score

The overall evaluation of a site uses the weights and parametric
scores as shown in Table 1. The primary parameter is the
volatility of the contaminants which is given a weighting factor
of 3. The transport characteristics of the contaminants in the
soil are of secondary importance and are weighted with a factor
of 2. Finally, the potential for ground water interference is
weighted with a factor of 1. The values of the parameters are



scored as good (80 points), fair (60 points), or poor (30 points)
as shown in Table 1.

An overall score is then calculated according to Equation 1 on
Table 1. This score is used to evaluate the feasibility of using
vapor extraction technology on a particular site. A score of 60
or more generally indicates that use of the technology is
feasible and that a pilot test should be conducted. A score less
than 60 but greater than or equal to 50 is marginal and indicates
a need to reevaluate alternate technologies. A score of less
than 50 indicates that vapor extraction technology is not
appropriate for the site and should not be selected for use as a
remediation technology.

PERFORMANCE ANALYSIS

It is necessary to perform a pilot test to determine how the
process will perform for a particular application. The pilot
test is used to determine the zone of influence of the vapor
extraction well, the initial pollutant mass extraction rate, and
the necessity for emission controls. These parameters, in
addition to the site stratigraphy and contaminant distribution,
are critical to determining the cost of a vapor extraction
system.

Zone of Influence

The radial zone of influence of a well will determine the number
of extraction wells required. The zone of influence is a
function of the air extraction rate and the extraction well
negative pressure. As the zone of influence increases, the
number of extraction wells required decrease.



Initial Extraction Rate

The initial extraction rate will determine the length of time an
extraction system must be operated. The contaminant mass
extraction rate may be determined by multiplying the air
extraction rate by the extracted air contaminant concentration.
Since the contaminant distribution is known from the site
investigation, the extraction rate may be expressed as a percent
of the total contaminant mass. The initial extraction rates can
be used to estimate the total operating time for site
remediation.

Emission Controls

Emission controls may be used to reduce the concentration of the
extracted air contaminants. Emmission controls may be applied
during the early stages of a vapor extraction remediation
project, when the mass extraction rate is likely to be high.
Emmission controls will increase the cost of a system.

Pilot Test Screening Score

These three factors are as shown in Table 2. A performance
analysis score is then calculated using Equation 1 (Table 1). If
the score is less than 50 points, the vapor extraction technology
is rejected as impractical. If the score be greater than or
equal to 50 but less than 60, the alternative technc. gies should
be reevaluated. If the score is greater than 60 the process is
recommended for the site.

Verification of Clean Up

Final soil contaminant concentrations may be calculated using
mass balance techniques based on the difference between the
initial contaminant mass on site and the field determined mass



extraction rate. Soil samples may be collected to confirm
calculated results. Alternatively, laboratory soil aeration
studies may be conducted on field collected samples to determine
an effective Henry's Law factor. This factor would incorporate
soil adsorption effects and other interferences expected under
field conditions. This factor, the gas flow rate and soil
characteristics may be used to estimate the aeration time
required to meet final contaminant concentration clean up
standards (6) . However, laboratory studies may require from 4
weeks to 6 months (5) and will not eliminate the need for pilot
testing.
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MEMORANDUM

TO: Jerry Amber, Ford Motor Company
Don Smith, Pratt & Lambert

FROM: Roy o. Ball, ERM-North Central, Inc.

DATE: July 13, 1988

SUBJECT: Interim Report of Vapor Extraction Pilot Test

Enclosed please find a copy of the photograph which should be
included in the report referenced above.

cc: Timothy Barker
The Marker Firm

John Buck
Indiana Department of Environmental Management

Karen Vendl
U.S. EPA

Mike Disabato
Terra-Vac, Inc.

Michael Herrmann
Engineering and Testing Services

Norm Bernstein
Jenner and Block

Ralph Hall
NSL Steering Committee


